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Introduction
Sonography has been used as a tool for screening and
evaluating soft tissue masses over the past decade.
This imaging modality has several advantages: it is
widely available, relatively economic, free from the
hazards of ionizing radiation exposure, and capa-
ble of demonstrating the relationship of the lesion
to the underlying soft tissue structures by dynamic
real-time examination. Sonography can delineate
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Background: To determine the accuracy of sonography in diagnosing two common soft
tissue tumors, ganglion cysts and lipomas, by simple criteria.
Patients and Methods: We retrospectively reviewed the sonographic images of patients with
a palpable soft tissue mass during a 3.5-year period. Soft-tissue tumors were diagnosed as a
ganglion cyst, lipoma, or others according to our criteria. A tumor was diagnosed as a ganglion
if it fulfilled the following criteria: a well-demarcated, anechoic mass with posterior enhance-
ment, avascularity, and connected to a tendon sheath or a joint capsule on sonography.
The diagnostic criteria of a lipoma on sonogram are: a well-demarcated, avascular, subcu-
taneous mass with internal echogenic lines and parallel long axis to the superficial skin.
The sensitivity, specificity, and accuracy of sonographic assessments were determined by
comparing them with histological diagnoses. For interobserver variability assessing, we
performed kappa statistical analysis by using SPSS software.
Results: The study population comprised 106 patients. Histological examination yielded
13 ganglion cysts and 35 lipomas. The accuracy of sonography in diagnosing ganglion
cysts and lipomas was 96% (69% sensitivity and 100% specificity), and 82% (74% sensi-
tivity and 86% specificity), respectively. The interobserver agreement for tumor margin,
shape, echogenicity, and vascularity on a sonogram was 93% (k = 0.47), 72% (k = 0.48),
73% (k = 0.55), and 83% (k = 0.67), respectively.
Conclusions: Sonography alone is a reliable imaging modality for diagnosing ganglion
cysts and lipomas.
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soft tissue masses in terms of their extent, internal
echogenicity, vascularity, compressibility, and anat-
omic relationship with adjacent structures [1,2]. It is
also well established that sonography is an excellent
imaging modality to confirm the presence of a mass
and to differentiate cystic from solid lesions [3,4].
Ganglion cysts and lipomas are the most com-
mon cystic and solid soft tissue masses in clinical
practice. Surgical interventions are usually unneces-
sary in most cases after they are correctly diagnosed.
Characteristic sonographic findings of ganglion cysts
[5–11] and lipomas [6,12–15] have been reported.
Despite these sonographic findings, only a few stud-
ies have discussed the diagnostic accuracy of sonog-
raphy by comparing the sonographic diagnoses
with pathological diagnoses [4,14]. In this study, we
abstracted the sonographic criteria for diagnosing
ganglion cysts and lipomas from literature [5–15].
By using these criteria and comparing sonographic
diagnoses with the histological findings, we retro-
spectively determined the accuracy of sonography
in diagnosing ganglion cysts and lipomas.
Patients and Methods
Subjects
We retrospectively searched our medical record
database to identify patients who had undergone
sonographic examination for a palpable soft tissue
mass during the period between January 2004 and
July 2007 at our institute. We included only those
patients who had undergone tumor biopsy or resec-
tions after sonographic examinations. The patho-
logical reports were also reviewed as a reference
standard. The study was approved by the institu-
tional review board, and informed consent was
waived.
Diagnostic criteria
A ganglion cyst is usually described as a well-
demarcated, avascular, anechoic mass with posterior
acoustic enhancement which arises from a tendon
sheath or joint capsule on sonography. It may ex-
hibit lobulation and contain internal septations or
dependent debris [5]. Moreover, a small cyst may
demonstrate hypoechoic appearance without poste-
rior acoustic enhancement [16]. For this study, we
focused the diagnosis of ganglion cysts on typical
appearances. The diagnostic criteria for a ganglion
cyst were (1) well-defined margins, (2) anechoic in-
ternal echotexture with posterior acoustic enhance-
ment, sometimes containing internal septation, (3)
absence of internal vascularity on power Doppler
imaging, and (4) a mass connected to a tendon or
a joint capsule [5–11] (Fig. 1).
A lipoma is predominately found in superficial
subcutaneous tissue although it can be found in any
fat-containing region of the body [12]. The sono-
graphic appearance of lipomas may vary, especially
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Fig. 1. Volar wrist ganglion cyst in a 53-year-old woman. (A) Longitudinal sonogram of volar wrist demonstrates a well defined,
anechoic mass (arrows) with a stalk connected to wrist joint (arrowhead). FCR = flexor carpi radialis tendon. (B) On power
Doppler studies, the mass is avascular.
the internal echogenicity which may range from
hyperechoic to hypoechoic [12]. For this study, we
excluded lipomas in the deeper tissues and the
internal echogenicity of a lipoma was not taken
into consideration. We defined the diagnostic crite-
ria for a lipoma as having (1) a subcutaneous loca-
tion, (2) well-defined margins, (3) a long tumor axis
parallel to the superficial skin, (4) appearing as
avascular on power Doppler imaging, and (5) inter-
nal parallel echogenic lines [6,12–15] (Fig. 2).
Sonographic examination
Gray-scale in combination with color power Doppler
sonography (Toshiba Xario Model SSA-660A; Toshiba
Co., Japan) was performed by one of three mus-
culoskeletal sonography experts as a part of their
daily clinical practice at our institute. Different linear
transducers (7.0–14.0 MHz, or 5.8–7.6 MHz) were
chosen according to the size and location of the
mass. Imaging planes for longitudinal and transverse
views were obtained based on the orientation of
the tumor. When vascularity was detected on color
power Doppler sonography, minimal transducer
pressure was applied by using transmission gel. In
our practice, gray map and power Doppler settings
were mainly based on the original settings of the
sonographic unit. The technical parameters affecting
image acquisition were optimized with minor ad-
justments by an experienced sonographer during
the examination (2D gain 75–84; dynamic range
65–70 dB; color gain 40).
Image interpretation
All static images obtained from enrolled patients
were read by one of the authors, who was blind to
the clinical data and the documented sonographic
reports. The following sonographic characteristics
of a tumor were recorded: location (subcutaneous,
intramuscular, between tissue planes, or other), mar-
gin (well- or ill-defined), shape (oval, fusiform, lobu-
lated, or other), echogenicity (anechoic, hypoechoic,
euechoic, or hyperechoic), vascularity (absent, mildly
increased, or profoundly increased), and its anatomic
relationship with adjacent structures. By applying
the aforementioned diagnostic criteria, each tumor
was classified as a ganglion cyst, lipoma, or other.
For testing the reliability of the interpretation of
sonographic characteristics, 30 cases were randomly
selected and read by two independent observers.
Sonographic characteristics were recorded and com-
pared between the observers.
Statistical analysis
Sensitivity, specificity, and accuracy of the sono-
graphic diagnosis of ganglion cysts and lipomas were
calculated with respect to the histological diagno-
sis. An interobserver agreement for the assessment
of sonographic characteristics was calculated as a
percentage by dividing the number of tumors show-
ing agreement by the number of total tumors. Kappa
statistics were used to assess interobserver variability.
The values of kappa statistics were interpreted as
follows: < 0.00, poor agreement; 0.00–0.20, slight
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Fig. 2. Back lipoma in a 54-year-old woman. (A) Longitudinal sonogram of posterior chest shows a well-margined (arrows) het-
erogeneous echoic lipoma in superficial subcutaneous tissue. The long axis of lipoma parallels to the skin surface. Parallel echogenic
lines (arrowheads) are presenting within the lesion. (B) On power Doppler image, the lipoma is absent of intrinsic flow.
agreement; 0.21–0.40, fair agreement; 0.41–0.60,
moderate agreement; 0.61–0.80, substantial agree-
ment; and 0.81–1.00, almost perfect agreement.
Statistical analyses were performed with SPSS soft-
ware version 15.0 (SPSS Institute, Chicago, Ill, USA).
Results
The study population comprised 106 patients (50
males and 56 females) with a mean age of 43 years
(range, 3–83 years). All patients were referred from
oncologists, orthopedics, surgeons, or physiatrists
from the same institute. These patients had under-
gone tumor resection (n = 103) or biopsy (n = 3)
within 6 weeks after the sonographic examination.
The final histological diagnosis confirmed the pres-
ence of 13 ganglion cysts and 35 lipomas. The his-
tological spectrum of soft tissue tumors in the study
population is summarized in Table 1.
By comparing with histological findings as ref-
erence standard, results of sonographic diagnosis
for ganglion cyst and lipoma were shown in Tables
2 and 3, respectively. According to the diagnostic
criteria defined in this study, sonography exhibited
96% diagnostic accuracy for ganglion cysts and
82% for lipomas. Retrospective review of the static
images showed that nine ganglion cysts and 26
lipomas were correctly diagnosed based on the
findings depicted on sonograms. In the case of diag-
nosing ganglion cysts, there were four false-negative
but no false-positive masses. On sonograms, four
histologically proven ganglion cysts were hypo-
echoic rather than anechoic. With regard to lipomas,
there were nine false-positive and nine false-negative
masses. The nine false-positive lipomas included two
epidermal cysts, two hematomas, one fibroma, one
angiolipoma, one schwanoma, one lymphangioma,
and one pilomatricoma. The nine false-negative lipo-
mas did not fulfill the diagnostic criteria due to their
non-subcutaneous location or increased vascularity.
The interobserver agreements for the assessment
of sonographic characteristics were substantial for
vascularity, with kappa value 0.67; and moderate for
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Table 2. Results of sonographic diagnosis for ganglion
cysts as compared with histological diagnosis
Sonographic Histological diagnosis
diagnosis Ganglion Non-ganglion Total
Ganglion 9 0 9
Non-ganglion 4 89 93
Total 13 89 102*
*Four Baker’s cysts are excluded from enrolled population.
Table 1. Histological spectrum of enrolled soft tissue masses
Solid (n = 83)
Malignant tumors (n = 7) Benign tumors (n = 76)
Cystic (n = 23)
Lymphoma 2 Lipoma 35 Ganglion cyst 13
Carcinoma 2 Nerve sheath tumor 13 Sebaceous cyst 6
Liposarcoma 1 Giant cell tumor of tendon sheath 8 Baker’s cyst 4
Other soft tissue sarcomas 2 Inflammatory mass 8
Hemangioma/lymphangioma 5
Others benign soft tissue masses* 7
*Thrombus, 2; hematoma, 1; angioleiomyoma, 1; pilomatricoma, 1; angiolipoma, 1; and fibroma, 1.
Table 3. Results of sonographic diagnosis for lipoma
as compared with histological diagnosis
Sonographic Histological diagnosis
diagnosis Lipoma Non-lipoma Total
Lipoma 26 9 35
Non-lipoma 9 62 71
Total 35 71 106
margin, shape, and echogenicity, with kappa val-
ues ranging from 0.47 to 0.55 (Table 4). The con-
cordance for tumor characteristics in the 30 cases
selected for testing the interobserver reliability was
as follows: margin, 28 (27 well-defined and one ill-
defined); shape, 21 (one oval, 14 fusiform, and six
others); echogenicity, 22 (two anechoic, 15 hypo-
echoic, and five hyperechoic); and vascularity, 
24 (17 absent, five mildly increased, and two pro-
foundly increased).
Discussion
The present study showed that sonography had 
an excellent diagnostic value in detecting ganglion
cysts. The characteristic sonographic pictures of gan-
glion cysts, including well-margined capsules with
anechoic content and posterior acoustic enhance-
ment, simplifiy the sonographic diagnosis of gan-
glion cysts in most cases. However, similar cystic
structures such as a synovial cyst may resemble a
ganglion cyst on a sonogram. In our preliminary
result, four cases of Baker’s cysts fulfilled the sono-
graphic diagnostic criteria of a ganglion cyst. How-
ever, a Baker’s cyst will not be misdiagnosed as a
ganglion cyst because of its typical location between
the medial gastrocnemius and semimembranosus
tendons and its communication with the posterior
knee joint [17]. After excluding these four cases of
Baker’s cysts from statistical analysis, nine of the 
13 ganglion cysts could be accurately distinguished
from other tumors by using our sonographic diag-
nostic criteria. Four ganglion cysts were not correctly
diagnosed because they exhibited internal hypo-
echotexture rather than internal an-echotexture,
and/or ill-defined margins. One example was illus-
trated in Fig. 3. The internal content of a ganglion
cyst may change after hemorrhage, infection, or
trauma [18]. De Flavors et al [19] observed irregu-
lar internal echogenicity and thicker walls in long-
lasting and recurrent ganglia. Wang et al [16] also
showed that small wrist ganglion cysts (10 mm or
less in the mean largest dimension) often appear
hypoechoic without posterior acoustic enhance-
ment. With regard to complicated ganglion cysts,
modified sonographic diagnostic criteria combined
with clinical information about the mass should
increase the diagnostic accuracy of sonography.
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Table 4. Interobserver agreement for sonographic
characteristics of a tumor





*Agreement (%) = (the number of tumors showing agreement ÷ number
of total tumors) × 100%. †(K) Kappa value < 0.00 = poor agreement;
0.00–0.20 = slight agreement; 0.21–0.40 = fair agreement; 0.41–
0.60 = moderate agreement; 0.61–0.80 = substantial agreement; and
0.81–1.00 = almost perfect agreement.
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Fig. 3. Dorsal foot ganglion cyst in a 37-year-old female. (A) Sagittal and (B) Coronal images of the dorsal foot at the level of fifth
metatarsophalangeal (MTP) joint show an avascular hypoechoic ganglion cyst (arrows). Note the ill-defined margins and a stalk
with MTP joint extension (arrowhead).
This study also showed that sonography can cor-
rectly diagnose a subcutaneous lipoma. The sono-
graphic appearance of lipomas may vary, especially
the internal echogenicity [12]. It has been postu-
lated that the variability in the echogenicity of
lipomas arises from their inherent cellular variabil-
ity [14]. Regardless of the internal echogenicity of
lipomas, we focused on the location, margin, long
axis orientation, internal echogenic lines, and an
absence of vascularity while defining the diagnos-
tic criteria. In the present study, nine lipomas that
were not located subcutaneously or had increased
vascularity could not be correctly diagnosed based
on our diagnostic criteria. We focused on subcuta-
neous lipomas because lipomas were predominately
developed in superficial subcutaneous layers and
lipomas located in deeper tissues (e.g. intramuscular
lipomas) have more varied sonographic appearances
and therefore, different sonographic diagnostic cri-
teria should be established. The 82% diagnostic
accuracy for lipomas demonstrates that sonography
is reliable for the diagnosis of a lipoma.
Our study showed substantial interobserver
agreement for vascularity, and moderate interob-
server agreement for margin, shape, and echo-
genicity (Table 4). Sonography is highly operator
dependent and the diagnosis of a soft tissue tumor
is based mainly on subjective assessment of sono-
graphic characteristics. However, our result implied
that these sonographic readings are reliable when
the diagnostic criteria are well defined. A potential
source of bias in this result was that two observers
working together in the same sonographic unit for
a period of time may result in better agreement
levels than if the study was included observers in
different institutes.
This study had several limitations. First, selection
bias of sampling cannot be eliminated in a retro-
spective study. Only limited numbers of ganglion
cysts were included in this study although they are
clinically very common. Patients who underwent
surgical resection or biopsy might have exhibited
atypical sonographic findings, which might also
introduce sampling bias. Second, reading the sono-
graphic images offline is sometimes difficult and
inaccurate because our observers were blind to the
clinical information about sonograms. Complete clin-
ical information, such as patient age, lesion location,
lesion firmness, or trauma history, can help us nar-
row the differential diagnosis. For example, ganglion
cysts commonly occur in specific sites, such as the
wrist. Subcutaneous lipomas usually present as well-
delineated, soft, painless masses on physical exami-
nation in patients in their fifth or sixth decade. Taking
these typical findings in physical examination and
characteristic sonography together make ultrasound
diagnosis more straightforward in most cases. Nev-
ertheless, our result demonstrated that in the case
of common soft tissue tumors, such as a ganglion
cysts and lipomas, certain sonographic features alone
can be helpful to formulate an appropriate diagno-
sis without requiring further imaging or biopsy.
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